
Dark Sector Studies with Neutrino Beams
Kevin J. Kelly, Fermilab
On behalf of the authors of SNOWMASS21-NF3_NF0-RF6_RF0-CF1_CF3-TF9_TF11-148

Contacts: Brian Batell, Joshua Berger, Yanou Cui, Valentina De 
Romeri, Wooyoung Jang, Kevin J. Kelly, Pedro A.N. Machado, 
Gianluca Petrillo, Yu-Dai Tsai, Yun-Tse Tsai, Jaehoon Yu

https://www.snowmass21.org/docs/files/summaries/NF/SNOWMASS21-NF3_NF0-RF6_RF0-CF1_CF3-TF9_TF11-148.pdf


Goal of this LOI
▸ Identify and classify the types of dark sector searches that can be studied in 

(accelerator) neutrino beam environments, like those built at J-PARC, Fermilab, etc. 
▸ Focus on beam environments for some specificity, and to avoid overlap with, for 

instance, boosted dark matter searches from other sources, atmospheric production, 
and others.
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Sampling of Detectors
▸ Experiments that can search for many of these models (often simultaneously) — not an 

exhaustive list!
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Light Dark Matter at MiniBooNE �4
[1702.02688]

▸ Dedicated beam dump run of MiniBooNE: DM can be produced via the decays of neutral pions 
or in bremsstrahlung and travel to MiniBooNE, where they can scatter off nucleons/electrons. 

▸ Beam dump suppresses neutrino “background” significantly, allowing for incredible sensitivity.

Subset of theoretical work that inspired this: [0906.5614], [1107.4580], [1205.3499]

DM Production DM Scattering

https://arxiv.org/abs/1702.02688
https://arxiv.org/abs/0906.5614
https://arxiv.org/abs/1107.4580
https://arxiv.org/abs/1205.3499


Light Dark Matter at MiniBooNE �5
[1807.06137]

▸ Beam Dump operation occurred in 2013/2014, with a total of 1.86 x 1020 Protons on Target. 
▸ Because of the dedicated Beam Dump operation, the limit set on light dark matter is among the 

most powerful, and is difficult for next-generation experiments to surpass without their own beam 
dump plans.

MiniBooNE-DM Limit Set

Thermal DM Target

https://arxiv.org/abs/1807.06137


Dark Mediator Decays in DUNE �6
[1912.07622]

Symbiotic — can perform highly sensitive 
searches during neutrino beam operation. In 
fact, focusing of charged mesons can enhance 
sensitivity to some dark sector scenarios.

https://arxiv.org/abs/1912.07622


Dark Sector Software/Tools �7

[1812.05616]

GENIE-based code for DM production and 
DM/SM interactions

BdNMC: [1609.01770]

Independent code for DM production and 
scattering off nucleons/electrons
Code available on github

MG5aMC: MadGraph-based code for DM 
production and a variety of detector signatures.  
 
By Luca Buonocore, Claudia Frugiuele, Fabio Maltoni, Olivier 
Mattelaer, Francesco Tramontano

[1812.06771]

https://arxiv.org/abs/1812.05616
https://arxiv.org/abs/1609.01770
https://github.com/pgdeniverville/BdNMC
https://arxiv.org/abs/1812.06771


Conclusions
▸ Neutrino experiments combined with intense beams provide a 

mechanism to search for many interesting, well-motivated dark 
sector scenarios. 

▸ Rich phenomenology between different production mechanisms 
(including using the neutrino beam itself), different scattering 
signatures, and different decay signatures. 

▸ Searches can be performed in dedicated “beam dump” modes or 
simultaneously with neutrino beam operation — different benefits 
and disadvantages for each.
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Stay tuned for more. Thanks!


